BACKGROUND {#sec1-1}
==========

Squamous cell carcinoma of the head and neck (SCCHN) is the 6^th^ most common malignancy worldwide and has a poor prognosis which has not improved over the last 25-30 years.\[[@ref1]\] Like many other human tumor types, approximately 50% of the SCCHN tumors show mutations in the well-known tumor suppressor gene *TP53*. The prognostic significance of *TP53* mutations in SCCHN varies between different studies.\[[@ref2]\] So far, factors of proven prognostic significance for SCCHN tumors are presence of regional lymph node metastasis (N-status) and amplification of chromosome 3q, where the *TP53* homolog, *p63*, is located.\[[@ref3]\] The six members of the p63 family, which is crucial for formation of the oral mucosa,\[[@ref4][@ref5]\] are deregulated in SCCHN\[[@ref6]--[@ref9]\] and overexpression of p63 has been correlated to aggressive disease and poor outcome in this tumor type.\[[@ref10]\] We have also shown that repressing p63 in SCCHN cell lines decreases their survival and sensitizes them to chemotherapy and radiotherapy.\[[@ref11]\] SCCHN is a very heterogeneous group of tumors and looking at only intraorally located SCC; we recently showed that p63 status differs between tumors of different subsites within this limited area. Tongue tumors, in contrast to gingival and tongue/floor of the mouth tumors, showed downregulation of p63 compared to corresponding normal tissue.\[[@ref12]\] This indicates that apart from being an important player in SCCHN tumors, p63\'s role differs depending on subsite of the tumor. Although the downstream pathways of p63 are the focus of many studies, pathways regulating p63 are not well characterized. One way of regulating gene expression is through microRNAs (miRNAs), noncoding RNAs that can regulate protein coding genes by inducing mRNA degradation or by interfering with mRNA translation.\[[@ref13][@ref14]\] Results from mouse and human cell lines also indicate a role for miRNAs in activation of translation.\[[@ref15][@ref16]\] One of the first miRNAs detected in the human genome\[[@ref17]\] was miR-21, a miRNA found to be overexpressed in different tumor types including SCCHN.\[[@ref18]--[@ref23]\] Transfection with miR-21 mimics in SCCHN cell lines caused statistically significant increased cell growth\[[@ref24]\] and overexpressing miR-21 enhanced tumor cell survival in tongue SCC.\[[@ref25]\] In glioblastoma cells, miR-21 targets the full length p63 isoforms, TAp63, and can also indirectly affect the function of its relative, p53.\[[@ref26]\] A miRNA directly regulating p53 is miR-125b\[[@ref27]\] and overexpression of miR-125b caused repression of the p53 protein in human neuroblastoma cells and human lung fibroblasts, while knockdown of miR-125b increased the levels of p53 protein in lung fibroblasts.\[[@ref27]\] Levels of miR- 125b are downregulated in SCCHN\[[@ref28][@ref29]\] and transfection of miR-125b into OSCC cells reduced cell proliferation.\[[@ref30]\] A miRNA identified to target ΔNp63 isoforms, at least *in vitro* in mouse keratinocytes, is miR- 203,\[[@ref31]\] and miR-203 regulates ΔNp63 levels in SCCHN upon genotoxic damage.\[[@ref31]\] miR-203 is expressed in suprabasal layers of stratified epithelia\[[@ref32]\] with the primary role to suppress the proliferative capacity of epithelial cells upon differentiation.\[[@ref33]\] Only a few studies have mapped miR-203 status in SCCHN, showing downregulation in SCCHN cell lines\[[@ref34]\] and oral SCC compared to non-cancerous oral mucosa.\[[@ref23][@ref35]\] In our previous analysis of 836 miRNAs in formalin fixed paraffin-embedded samples from tongue SCC, we identified 54 miRNAs to be differentially expressed. Among these, miR- 21 was the second highest upregulated, and miR-203 among the most downregulated miRNAs.\[[@ref23]\]

In this study, we have mapped expression of three miRNAs and the levels of two of their potential target proteins in tumor samples from patients with SCCHN. In accordance with our previous data, we also clearly show differential expression for miRNAs based on tumor subsite. Furthermore, the correlations previously seen between miRNAs and their target proteins *in vitro* were not as clear-cut in tumors *in vivo*.

MATERIALS AND METHODS {#sec1-2}
=====================

Patient material {#sec2-1}
----------------

After obtaining informed consent, tumor biopsies were collected from 23 patients with squamous cell carcinoma in the oral cavity. For patient data, see [Table 1](#T1){ref-type="table"}. Tumors were divided into three groups based on subsite, with one group of gingival tumors, one group of tongue tumors, and one mixed group comprising four tumors originating in the tongue with overgrowth into the floor of the mouth and three tumors originating in the floor of the mouth with overgrowth into the tongue. A biopsy was also taken from clinically normal tissue of the same subsite as the tumor from all patients. From the mixed group, clinically normal tissue was taken from the tongue in six patients and from the floor of the mouth in one patient. Tissue samples were snap-frozen in liquid nitrogen and stored at −80°C until RNA and protein were extracted. The project was approved by the local Ethical Committee (dnr 08-003M).

###### 

Patient material
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miRNA extraction and quantitative RT-PCR {#sec2-2}
----------------------------------------

One part of each biopsy was homogenized in trizol using a Precellys (Bertin Technologies, Aix-en-Provence, France) and total RNA including miRNA extracted using chloroform. After dilution in water, RNA concentration was measured with a nanodrop (Thermoscientific). For the cDNA reaction, 20 ng of total RNA was used with the mercury LNA™ Universal cDNA synthesis kit according to the manufacturer\'s protocol (Exiqon, Vedbaek, Denmark), total volume of each reaction was 20 μl. The expression levels of miR-21, miR-125b, miR-203, and the reference gene U48 were analyzed with real-time PCR amplification for individual assays using LNA™ primer sets for miRNA (Exiqon).

Protein extraction and Western blot of miRNA target proteins {#sec2-3}
------------------------------------------------------------

Protein was extracted from the other half of each biopsy using a Micro-dismembrator (B. Braun. Biotech International, Melsungen, Germany) pulverizing the sample. One hundred microliters of lysis buffer containing 0.5% NP-40, 0.5% Na-doc, 0.1% SDS, 150 mM NaCl, 50 mM Tris pH 7.5, 1 mM EDTA, 1 mM NaF, and protease inhibitor cocktail (Sigma-Aldrich) were then added and samples were homogenized. Protein concentration was determined using BCA Protein Assay Kit (Pierce, Rockford, USA). For protein analysis, 30 μg protein extract was run on 10% Clear PAGE, SDS-polyacrylamide mini-gels (VWR International, Radnor, USA). Proteins were transferred to a PVDF membrane (Millipore) and stained with Ponceau red for evaluation of transfer efficiency and loading. Primary monoclonal antibodies used were 4A4 anti-p63 (Abcam ab3239) diluted 1/500, p53 (Abcam ab80645) diluted 1/1000, and actin (Chemicon International MAB1501R, Temecula, USA) diluted 1/5000. Secondary antibody was peroxidase-labeled rabbit anti-mouse (DakoCytometric) diluted 1/50,000. For chemiluminescence detection, Chemidoc XRS (Bio-Rad) was used in combination with ECL, Electrochemiluminescence, advance (GE Healthcare, Uppsala, Sweden). Twenty-one of the 23 samples included had previously been analyzed for expression of p63.\[[@ref12]\]

Statistical tests {#sec2-4}
-----------------

For all statistical analyses, SPSS version 18.0 was used. Data were not normally distributed and nonparametric methods therefore used. Wilcoxon-signed rank test was used for calculation of differences between tumor and normal samples and Spearman\'s rank correlation coefficient for correlation analysis.

RESULTS {#sec1-3}
=======

Altered expression of miR-21, miR-125b, and miR- 203 in oral SCC {#sec2-5}
----------------------------------------------------------------

Three selected miRNAs, miR-21, miR-125b, and miR-203, previously reported to be connected to two important factors in SCCHN, p53 and p63, were analyzed in 23 patients with oral SCC and corresponding clinically normal tissue from each patient used as control. Levels of miRNA were measured using qRT-PCR and results showed that all miRNAs examined were significantly altered in tumor tissue compared to corresponding normal tissue. In general, there were relatively large interindividual variations in miRNA expression. In accordance with previous studies,\[[@ref25]\] miR- 21 was significantly upregulated in tumors compared to normal tissue in 20/23 patients \[[Figure 1a](#F1){ref-type="fig"}\] (*P* \< 0.001). On the other hand, miR-125b and miR-203 were significantly downregulated in 22/23 and 18/23 patients, respectively, \[Figures [1b](#F1){ref-type="fig"} and [c](#F1){ref-type="fig"}\] (*P* \< 0.001), also in agreement with previous data.\[[@ref25][@ref30]\]

![Altered microRNA (miRNA) expression in oral squamous cell carcinoma (SCC). To analyze differences in expression of miR-21, miR-125b, and miR-203 in oral SCC tumors compared to corresponding clinically normal tissue, samples were analyzed with qRT-PCR. miR-21 expression was significantly upregulated (*P* \< 0.001) (T = tumors, C = controls) (a), and miR-125b and miR-203 significantly downregulated in tumors compared to corresponding normal tissue (*P* \< 0.001 and *P* \< 0.001, respectively) (b and c). Dividing tumors into different subsites showed miR-21 to be significantly upregulated in tongue and tongue/floor of the mouth tumors but not in gingival tumors (d). miR-125b showed significant downregulation in tumor samples compared to controls regardless of subsite (e). miR-203 showed downregulation in all three subsites, but significant only in tongue tumors (f). Whiskers represent minimum to maximum values. The miR-21 ratio is calculated as expression in tumor divided to expression in corresponding normal control (ΔΔCt) (g). ΔΔCt for miR-125b in the different locations (h) and ΔΔCt for miR-203 (i)](JC-11-18-g002){#F1}

Subsite specific alterations of miRNAs {#sec2-6}
--------------------------------------

When dividing tumors into different subsites, results showed that expression of individual miRNAs was only significantly altered in specific tumor sites. Thus, miR-21 was not significantly altered in gingival tumors but significantly upregulated in both tongue and tongue/floor of the mouth tumors \[[Figure 1d](#F1){ref-type="fig"}\]. For miR-125b, tumors in all three subsites showed significant downregulation compared to clinically normal tissue of the same subsite \[[Figure 1e](#F1){ref-type="fig"}\], whereas miR-203 was neither significantly altered in gingival nor in tongue/floor of the mouth tumors but significantly downregulated in tumors in the tongue \[[Figure 1f](#F1){ref-type="fig"}\]. Analyzing data at the individual level by calculating a ratio between miRNA expression in each tumor divided by its corresponding normal control showed similar pattern as when analyzing samples group wise \[Figures [1g](#F1){ref-type="fig"}--[i](#F1){ref-type="fig"}\].

Expression of the miRNA target proteins, p53 and p63 {#sec2-7}
----------------------------------------------------

miRNAs can have effect both through destabilization of mRNA and through blocking of protein translation,\[[@ref36][@ref37]\] but whichever way regulation occurs the effect will be seen at protein levels. Protein levels of the two potential targets, p53 and p63, were therefore measured in the same samples. Results showed p53 to be significantly upregulated in 18/23 samples \[[Figure 2a](#F2){ref-type="fig"}\] (*P* \< 0.01). Looking at protein expression based on subsite, p53 was significantly increased in the group of tongue/floor of the mouth tumors but not in gingival and tongue tumors \[[Figure 2b](#F2){ref-type="fig"}\]. It is well known that missense mutations in *TP53* occur in about 50% of tumors including SCCHN and lead to a dramatic stabilization of p53 protein, although other mechanisms may also induce protein stabilization of wild-type (WT) p53.\[[@ref2]\] Thus, very high levels of p53 equate to missense mutations and low levels of p53 equate to WT status, whereas moderately increased levels of p53 are seen in roughly equal proportions of tumors containing WT and mutant p53.\[[@ref38]\] In order to evaluate the mutational status of p53, the specimens were divided into the three groups based on intensity of Western blot bands, where very high-level expression was classified as mutated p53 (Mut) and weak expression represented WT p53, whereas intermediate expression levels were not classified since they may represent mutated or WT *TP53*.\[[@ref38]\] Results showed that eight samples had mutated p53, seven WT p53, and eight of the samples could not be determined \[[Table 1](#T1){ref-type="table"}\]. When analyzing miRNA expression based on p53 mutation status, WT-p53 tumors had higher levels of miR-125b compared to mutated p53 tumors (*P* = 0.021), whereas expression of miR- 21 and miR-203 was not significantly altered between tumors with WT or mutated p53.

![MicroRNA (miRNA) target protein expression in oral squamous cell carcinoma (SCC). By using Western blot, levels of the miRNA target p53 were analyzed in the same tumors that were analyzed for miRNA expression. p53 protein expression was significantly upregulated in tumor tissue (*P* \< 0.01) (T = tumors, C = controls) (a). Taking subsite into consideration, only tongue/ floor of the mouth tumors showed significant upregulation of p53 protein (b) even if both gingival and tongue tumors showed a trend toward upregulation of p53 protein](JC-11-18-g003){#F2}

Protein levels of p63 in 21 of the samples have previously been reported.\[[@ref12]\] The addition of two tumors and corresponding clinically normal tissue did not alter results, showing p63 to be significantly downregulated in tumors compared to corresponding normal samples (*P* \< 0.01). When dividing tumors into different subsites, significantly lower expression of p63 was seen in tongue tumors, but not in the other two groups, in accordance with previous results.\[[@ref12]\]

Correlation of miRNA expression with potential target proteins {#sec2-8}
--------------------------------------------------------------

Whatever miRNAs that are changed in tumors, the important task is to map the effect of these changes at protein levels of their potential targets in the *in vivo* situation. In order to do this, correlation analysis was performed. When comparing all samples as one group, miR-21 showed significant correlation with both p53 (positive) and p63 (negative) \[[Table 2](#T2){ref-type="table"}\], whereas miR-125b showed significant negative correlation with p53 only \[[Table 2](#T2){ref-type="table"}\]. miR-203 in turn did not show any correlation with either p53 or p63 \[[Table 2](#T2){ref-type="table"}\]. As the number of tumors in each subsite was limited, no correlation analysis based on subsites was performed.

###### 

Correlation analysis between miRNAs and their targets
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DISCUSSION {#sec1-4}
==========

SCCHN is a disease with poor prognosis and a survival rate that has not improved much over the last decades. Lately, much research has focused on the expression of miRNAs and their role in tumor progression, and numerous studies have identified altered miRNA expression profiles in different tumor types. MiRNA genes represent about 1% of the genome but are estimated to regulate up to 30% of human genes\[[@ref39]\] and single miRNAs may target up to 200 different mRNAs.\[[@ref40]\] Therefore, it is important not only to study the expression of miRNAs but also to map their effect on expression of putative targets. However, few studies have so far attempted to connect miRNA expression with expression of target proteins *in vivo*. Therefore, we set out to analyze expression of selected miRNAs in correlation to their suggested targets in the p53 family in tissue samples from patients in one subgroup of SCCHN, SCC in the oral cavity. Based on our recent results showing differences in p63 expression between different oral subsites,\[[@ref12]\] site of origin of the tumors was also taken into consideration in these analyses.

There were large interindividual variations in miRNA expression, which have previously been shown in normal and psoriatic skin.\[[@ref41]\] Our results clearly showed expression of all three miRNAs studied to be altered in tumor tissue compared to clinically normal tissue from the same patients. In accordance with previous studies, miR-21 was significantly upregulated in tumors compared to control samples, whereas miR-125b and miR-203 showed significantly decreased expression in tumor samples compared to controls, indicative of a role for all these miRNAs in this tumor type. Taking subsite into consideration, tongue tumors showed significant changes in expression of all three miRNAs, gingival tumors showed significant changes in miR-125b, and tongue/floor of the mouth tumors showed significant changes in miR-21 and miR-125b expressions. This subsite-based difference in miRNA expression highlights the importance of taking subsite of tumors into consideration when analyzing oral SCC. In contrast to our data, however, a previous study of miR-21 did not report any difference in expression among tumors in oropharynx, oral cavity, larynx, and hypopharynx.\[[@ref24]\] In that study, however, no division of intraoral tumors based on subsite was made.

For p63 expression, the significant decrease in p63 protein in tongue tumors, the slight increase in tongue/floor of the mouth tumors, and the unaffected expression in gingival tumors have previously been reported for 21 of the 23 samples analyzed here.\[[@ref12]\] The addition of two tumors did not change this result. Significantly increased expression of p53 protein (irrespective of mutation status) was seen in tongue/floor of the mouth tumors but not in tongue and gingival tumors. In that study, however, no division of intraoral tumors based on subsite was made.

When correlating miRNA levels to expression of their potential target proteins, significant positive correlation was seen between miR-21 and p53 and significant negative correlation between this miRNA and p63. As miRNAs are known to have both repressive and activating functions,\[[@ref16]\] this could indicate a dual role for miR-21 on these target proteins. As many of the previous results are derived from tissue other than SCCHN, a tissue-specific effect of miR-21 in oral SCC could also be suggested.

A significant negative correlation between miR-125b and p53, in accordance with previous results in lung fibroblasts, was also observed.\[[@ref27]\] However, as we analyzed whole biopsies we cannot say whether the miR-125 expression is in the tumor cells or in the stromal cells. As the activity of the p53 tumor suppressor is commonly lost in tumors by missense mutations, we also analyzed the expression of miRNAs in WT and mutant tumors. The finding that tumors with mutant p53 had low levels of miR-125b is therefore in keeping with a role for this miRNA in transcriptional inhibition as an alternative to gene mutation for inactivating p53 tumor-suppressor function in these tumors. Of the miRNAs included in this study, both miR-21 and miR-203 have previously been correlated with p63.\[[@ref31]\] We could, however, not see any correlation between miR-203 and p63 in the tumors analyzed and only a moderate, but significant, correlation between miR-21 and p63, once again emphasizing the fact that results from studies on tumor cell lines cannot be directly translated to tumors in the *in vivo* situation.

To further evaluate the role of the miRNAs in SCCHN, it would be interesting to study the underlying mechanisms for the differential expression of miRNA in SCCHN. Several mechanisms have been suggested in regulation of miRNA expression, for example structural genetic alterations such as chromosomal abnormalities and mutations, defects in the miRNA biogenesis machinery, regulation by other miRNAs, and epigenetic changes such as methylation and histone deacetylase inhibition.\[[@ref42]\]

In summary, we show that miR-21, miR-125b, and miR-203 are significantly altered in oral cavity SCC, and that, in accordance with previous data,\[[@ref12]\] tumor subsite is an important factor that must be taken into consideration when interpreting results. Data also indicate that there may be a tumor type specific adverse effect of different miRNAs on their target proteins. An important thing to keep in mind is also that miRNA regulation is a network of signaling with many factors working together, and that one miRNA is thus not the single regulator of a protein. Studying overexpression or inhibition of a specific miRNA *in vitro* is therefore unlikely to accurately reflect the complex regulatory networks that exist *in vivo*, and such data require confirmation in primary material.

CONCLUSIONS {#sec1-5}
===========

The present data once again emphasize the need to take subsite into consideration when analyzing oral SCC and clearly show that data from *in vitro* studies cannot be transferred directly to the *in vivo* situation.
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